Diabetes is a metabolic disorder by a chronic hyperglycemic condition because of defects in insulin secretion and insulin action or both. Minor cereals are often drought tolerant and fertilizer efficient. In this review we focus the content and bioavailability of phytochemicals in some minor cereals on the basis evidence for increasing plasma phytochemical concentrations and reducing oxidative stress as well as inflammation in humans. Phenolics and Flavanoids are major phytochemicals and may be available with high concentration in minor cereals but as tightly attached with cell wall, their bioavailability is mostly limited. Clinical trials concluded that vitamin E and other common antioxidants were not helpful for managing diabetic complications. Vicious cycles can cause type 1 DM, where as hypoglycemia can forward to down and regulate neuroendocrine. Increased phytochemical bioavailability may be achieved through bio processing of grains but the improvements might be small and have not yet led to changes in clinical associated with reduced risk of T2D. Furthermore, the effects of minor cereals against oxidative stress in healthy individuals can be very low or not occurred but systemic inflammation can be reduced in people after huge intake. More than 300 Indian medicinal plants have antidiabetic property but exact mechanisms for hypoglycemic action of many plants are still unknown. Further studies are required to pay attention toward direct role of minor cereal phytochemicals on alarming diseases diabetes.
Introduction
Diabetes mellitus (DM) and type 2 diabetes (T2D) both are current health problems which affect millions of individuals worldwide and increase dangerously, but among the total population of diabetic patients more than 90% suffer from Type 2 Diabetes (T2D). Death and disability, due to type-2 diabetes are increasing day by day [1] [2] [3] . The cause of Diabetes mellitus (DM) is metabolic disorder of multiple physiology by chronic hyperglycemia with disturbances of carbohydrate, fat and protein metabolism consequently defects in insulin secretion and insulin action, or both. "Type 2 diabetes" can be caused by different factors also includes both genetic as well as environmental factors that affect β-cell function and tissue of pancreas, muscles and liver [4] .
Minor cereals including oat (Avena sativa L.), barley (Hordeumvulgare L.)
and common millet (Panicummiliaceum L.) have contributed greatly to agriculture [5] . Recently, cultivation of minor cereals has been increasing because of drought resistant, fertilizer efficient, environment friendly and can cultivate under high temperature conditions [6] . Phytochemicals are the bioactive compound of plants having many biological properties such as antioxidant, anti-inflammatory, antidiabetic, anticancer, modulation of detoxification enzymes, stimulation of the immune system and others [7] . Mostly phytochemicals functions as a antioxidants in vitro and have the potential to moderate oxidative stress and inflammation which can cause pathogenesis of T2D [8] . mostly not complete in some other cereals [32] . Some phytochemicals of barley have different constituents as shown in Table 1 .
Rye
Rye has more alkylresorcinols than the other major cereal varieties. The concentration of alkylresorcinol in rye is depending on the high level of folate in the grain. Some varieties of rye also have very high levels of total phenolics but the free phenolics content are very low. Other phytochemicals, such astocols, polyphenols and ferulic acid are also found at low levels in rye [33] . Researcher and reviewers focused on phytochemicals of oat and barley mostly but did not explain rye very well and data is not enough to include in this review article.
Oats
Tocopherols and tocotrienols, phenolic acids, sterols, selenium and avenanthramides are the major phytochemicals of oats [34] . To differ greatly (5 to 48 μg/g) as compare to rice and rye (4 to 9 μg/g) and also to the higher levels present in wheat and barley (23 to 80 μg/g). The range in the total phenolic levels of oats is also similar to those in wheat and rye, but oats have up to 10-fold higher levels of free and conjugated phenolics. Other phytochemicals, including folate, polyphenols, ferulic acid and flavonoids are found at low levels in oats.
Some phytochemicals of oat have different components as shown in Table 1 . 
Type I and Type II Diabetes
Diabetes is a metabolic disorder by a chronic hyperglycemic condition because of defects in insulin secretion and insulin action or both [36] [37]. The incidence of diabetes is increasing rapidly worldwide and WHO & International Diabetes
Federation. [38] predicted that the number of adult diabetes can be double in the coming time as from 177 million in 2000 to 370 million in 2030 [39] . During Type I disease different pathogenic processes can be happens from autoimmune destruction of pancreatic β-cell proteins to create complete insulin deficiency whereas in Type II, the multiple abnormalities in which include a combination of genetic factors concerned with impaired insulin secretion, insulin resistance as well as environmental factors such as obesity, overweight, lack of exercise and stress, as well as aging [40] . Whole grain foods and legumes are useful for prevention and management of diabetes [16] . From different observation and various studies on T2D treatment, it is concluded that Pharmacological interference has undesirable side effects but plants and herbal therapy can play important role to overcome or control this serious diseases [7] . Phytochemicals such as catechin, ellagic acid, eugenol, kaempferol, berberin have a unique antidiabetic activity [41] . About 5% world population affected of diabetes but unfortunately modern medical world can not solve this problem without side effects [7] . When the grain structure has been disrupted than the postprandial glycaemic response to grains having whole structure would show to be lower ( Figure   1 ). Exercise can manage diabetes as it aids in glycemic control, weight control, reducing blood pressure and improving life style of patients. Unfortunately, the complexity and difficulties of regulating exogenous insulin in a physiologic manner during different physical activities mostly can cause in hypoglycemia with type 1 diabetes mellitus [50] . Hypoglycemia cycle shown in Figure 1 .
Phytochemicals in Some Minor Cereals
Minor cereals mostly contain diverse combinations of phytochemicals depending on the type of cereal, location within the grain and grain processed. The outer structures of grains, in specific the pericarp seed coat and aleurone layers, contain much higher levels of phytochemicals i.e. phenolic compounds, phytosterols, tocols, betaine and folate, than the germand endosperm [51] . Phenolic Table 3 .
Metabolic Disease and Prevention Role by Minor Cereals
Diabetes mellitus (DM) can cause by hyperglycemia and metabolic disorder of insulin secretary response [7] . Recently, Type-2 diabetes (T2D) is a big health problem around the world and the incidences are increasing day by day. According to some predictions TD2 can rise from 366 million people to 552 million in the next two decades [1] [57] . It can cause of serious death and disability but R. B. Panhwar et al. Damien P Belobrajdic and Anthony R Bird (2013) [8] . Different phytochemicals showed different ratio in oat, barly and Rye. regular exercise and balance food can overcome this disease than pharmacological interventions. The start and carry of T2D regulated by a complex inter play of multiple lifestyle and heredity chronic metabolic disorders [1] [3] [11] . The decline in β-cell function can create abnormal insulin gene during glucotoxic state and reduce insulin secretion also. Herbal drugs are widely used because of their effectiveness, less side effects and relatively cheap in cost [58] . More than 300 Indian medicinal plants have antidiabetic property but exact mechanism for hypoglycemic action of many plants are still unknown [7] . Phytochemical supplementation will be needed in additional for cardiovascular disease [59] . Different plant derived flavonoids and their common antioxidant activity have been reported to slow down aldose reductase activity and impart beneficial action in diabetic complications (Figure 2 ).
The difference of generation and scavenging of free radicals play specific role in determining tissue damage related with diabetes. There is a hypothesis that if influx of FFAs (free fatty acids) raised into pancreatic β-cell through lipotoxicity mechanism can cause to the loss of their secretory ability and specific sign of type 2 diabetes [60].
Bioavailability of Minor Cereal Phytochemical
Bioavailability means to take fraction of phytochemical or other food materials (Table 4) . Mostly polyphenols are tightly bound to cell walls within the grain matrix thus their bioavailability is limited in the upper gut [61] . If polyphenols even are released from the grain matrix during digestion but they may not be absorbed in the small intestine as they are very hydrophilic to cross the epithelium by passive diffusion [62] . The evidence for minor cereals rich diets improving blood is based on antioxidant defense is during modulation of the glutathione radical scavenging system. This system consumes glutathione peroxidase to metabolise hydrogen peroxide to water by via reduced glutathione as a hydrogen donor [63] . Another supporting evidence is a reduction in pro-inflammatory markers in human intaking higher levels of minor cereals fibre. For example, cereal fibre intakes, although not total fibre were connected with significantly lower plasma cytokine levels in healthy adults [64] . gut hormones, gut-brain axis, inflammatory response, oxidative stress and cholesterol profiles as well.
Conclusions
In conclusion, diabetes is a very serious disease but T2D is more dangerous than DM because T2D can cause serious morbidity, disability and mortality in humans, however Hyperglycemia, abnormal lipid metabolism and antioxidant stress are the most common complications in diabetes mellitus.
Minor cereals are sustainable crop as well as environment friendly and their phytochemicals have many useful biological properties against diabetes and other diseases but unfortunately the researches and reviews to focus these unique properties are still negligible. Medical world still can not solve this problem without any side effects. Diabetic patients are taking pharmaceutical drugs to get relief from diabetes complications but side effects creating other problems so in this critical situation, modern science should focus on natural things benefits.
Nowadays researcher getting interest toward colonic micro biota and bio processing used for phytochemical bioavailability but unfortunately it's very limited and insufficient to reduce the risk of diabetes. More studies are required to investigate the direct role of minor cereal phytochemicals and diabetes.
